A 13-year-old boy presented with fever and neck pain and stiffness, which was initially misdiagnosed as culture-negative meningitis. Magnetic resonance images of the brain and cervical spine demonstrated what appeared to be an intradural extramedullary mass at the C1-3 level, resulting in moderate cord compression, and a Chiari Type I malformation. The patient underwent a suboccipital craniectomy and a C1-3 laminectomy with intradural exploration for excisional biopsy and resection. The lesion containing the parasite was extradural, extending laterally through the C2-3 foramina. Inflammatory tissue secondary to Onchocerca lupi infection was identified, and treatment with steroids and doxycycline was initiated. At the 6-month follow-up, the patient remained asymptomatic, with MR images demonstrating a significant reduction in lesional size. However, 10 weeks postoperatively, the infection recurred, necessitating a second operation. The patient was treated with an additional course of doxycycline and is currently maintained on ivermectin therapy. This is the second reported case of cervical O. lupi infection in a human. In the authors' experience, oral doxycycline alone was insufficient in controlling the disease, and the addition of ivermectin therapy was necessary.
S
pinal zoonotic parasitic infections are uncommon, with neurocysticercosis (Taenia solium) via swine and echinococcosis (Echinococcus granulosus) via canines being the most common CNS parasitic infections known to infect the human spine. Approximately 1%-3% of patients with intracranial neurocysticercosis infections also have spinal involvement, with evidence of either a mass lesion or a more diffuse arachnoiditis. While isolated spinal cysticercosis without intracranial involvement is rare, patients with spinal echinococcosis present more often with primary spinal infection. 1, 3, 5, [7] [8] [9] [10] [11] [12] [13] [14] [17] [18] [19] [20] 22 In a recent review of 467 cases of spinal echinococcosis by Neumayr et al., 13 17 .9% were primary spinal infections without intracranial involvement.
We describe a cervical epidural infection caused by the nematode species Onchocerca lupi. Onchocerca is a genus of nematodes with 34 different species, which primarily parasitize nonhuman hosts. 9 The only well-established species known to cause human infection is O. volvulus, which causes onchocerciasis or "river blindness," primarily in Africa. 2 O. lupi is the only other species that has been reported to infect humans (7 cases total). Here we present the second reported case of O. lupi infection in the epidural cervical spine. The remaining 5 reported cases of O. lupi manifested as ocular onchocercosis.
case report

History and Physical Examination
A 13-year-old Native American boy residing in northeastern Arizona presented with 6 weeks of gradually worsening left-sided neck pain and stiffness accompanied by fevers, emesis, and limited cervical range of motion. He was otherwise healthy, with no previous medical history and an unremarkable birth history. He was exposed to dogs where he lived, and his immunizations were up to date. The patient had been treated at an outside facility 2 months earlier with 3 days of amoxicillin for presumed streptococcal pharyngitis. His symptoms improved, but he was readmitted to an outside hospital 2 weeks later with a presumed diagnosis of culture-negative meningitis, and subsequently treated with 10 days of amoxicillin. Four weeks later, his neck pain worsened, and he was started on prophylactic intravenous antibiotics after a lumbar puncture at an outside facility raised concern for possible bacterial meningitis. The CSF profile demonstrated a white blood cell count of 2160 cells/mm 3 (62% neutrophils), a red blood cell count of 43 cells/mm 3 , a glucose level of 30 mg/dl, a protein level of 252 mg/dl, and a negative Gram stain and culture.
The patient was transferred to our institution, where CSF cultures were negative and intravenous antibiotics were discontinued. Magnetic resonance imaging of the brain and cervical spine revealed a Chiari Type I malformation with 17 mm of tonsillar descent, as well as an 11-mm contrast-enhancing intradural extramedullary cervical mass, expanding the levels of C-1 through C-3. The lesion was eccentric to the left, causing 40% effacement of the spinal canal and moderate cord compression ( Fig.  1A and B) . On the basis of the imaging characteristics, the lesion was suspected to be intradural and neoplastic in nature. MRI results of the thoracic and lumbar spine were both normal. He was neurologically intact with full strength on admission, with a primary complaint of headache and left-sided neck pain.
Operation
The patient underwent a suboccipital craniectomy and laminectomies at C-1 through C-3 to decompress the Chiari malformation, perform a biopsy, and resect the enhancing lesion. The dura mater was opened over the cerebellar hemispheres in the typical "Y-shaped" fashion and extended inferiorly to the level of C-3 for intradural exploration. Subarachnoid dissection was performed between the cerebellar tonsils and brisk CSF outflow was visualized from the obex. Intradural exploration did not yield any evidence of tumor, but a large compressive mass was identified in the epidural space, extending laterally into the left C-2 and C-3 neural foramina. The well-encapsulated mass was incised and a significant amount of inflammatory tissue was immediately visualized, along with long yellow strands and thick yellow fluid. Multiple biopsy specimens were sent for pathological examination and the lesion was thoroughly debulked internally.
Pathological Findings
The lesion was recognized as a parasitic infection on intraoperative frozen section and reported to the Centers for Disease Control and Prevention. The parasite was identified as O. lupi (Fig. 2) .
Postoperative Course
The patient remained neurologically intact postoperatively and was maintained on 2 weeks of dexamethasone to decrease the potentially negative effects of inflammatory products released from the lesion. Once the parasite was identified as O. lupi, the patient was started on 100 mg of oral doxycycline twice a day as recommended by the infectious diseases team, for a duration of 6 weeks. At the 1-month follow-up examination, the patient was doing well, with resolution of his preoperative symptoms, and at 6-week follow-up, MRI demonstrated that the enhancing lesion had decreased significantly in size ( Fig. 1C and D) . Ten weeks after surgery, the patient returned to the emergency room with upper-extremity paresthesias and worsening neck pain. He had completed 6 weeks of doxycycline therapy. MRI of the cervical spine with contrast administration demonstrated a recurrent enhancing mass at the resection site with spinal cord compression ( Fig. 3A  and B) . Given the size of the lesion and severity of spinal cord compression, the patient was taken to the operating room for reexploration and resection of this lesion. The initial resection cavity had expanded with purulent material and inflammatory tissue, causing significant tension and pressure on the adjacent dura. Long thick yellow strands were again visualized, and a biopsy specimen was confirmed as O. lupi infection again. The lesion was thoroughly debulked and the dura was not violated. The thecal sac was no longer under pressure after the decompression. The patient remained neurologically intact after surgery. At the 6-week follow-up after the second operation (4 months from the initial procedure), the patient was doing well and was neurologically intact, with resolution of his headaches and neck pain. He has since completed an additional 6 weeks of doxycycline therapy and has now transitioned to oral ivermectin (9 mg) every 3 months. His most recent MRI session, 6 weeks after the second procedure, demonstrated a significant decrease in the size of the infectious lesion and decreased spinal cord compression ( Fig. 3C and D) . discussion This is the second reported human case of O. lupi infection in the epidural cervical spine. The O. lupi species was first identified from a wolf in Russia (Canis lupus) in 1967. Since then, this strain has been known to infect dogs and other canines, with a primary presentation of either acute or chronic ocular infection. Cases of canine ocular onchocercosis have been increasingly reported in Europe and the US over the last several decades. Black flies and midges are suspected to be the vectors of transmission, and presumably may transmit the nematode to humans as well. Other Onchocerca infections identified include O. gutturosa (from cattle), O. jakutensis (deer in Austria), O. cervicalis (horses), and O. dewittei japonica (Japanese wild boar). Only O. cervicalis and O. gutturosa have presented in the ocular location in humans. All others have presented in subcutaneous tissues involving the knee, wrists, feet, head, neck, or abdomen. No other Onchocerca species have been reported to infect the intradural or extradural space of the cervical spine. [4] [5] [6] 9, 15, 16, 21, 23 No prior reports have documented the treatment of CNS O. lupi infections in humans; however, ivermectin has been demonstrated to kill O. volvulus larvae and promote the death of adult worms when administered 4 times per year. The first patient diagnosed with O. lupi infection of the epidural cervical spine was also treated with ivermectin, 5 and interestingly, was also a Native American residing in northeastern Arizona. She was a 22-month-old child presenting with progressive neck pain and stiffness and without neurological deficit. She was found to have an extradural lesion at C-2 to C-4 that was biopsied through a left-sided C2-4 laminectomy. She was initially treated with oral doxycycline and was subsequently transitioned to intravenous ivermectin injections. Her symptoms improved after surgery and eventually resolved by her 7-month follow-up examination at the time the case was reported. 5 At her most recent 28-month follow-up with Dr. Feiz-Erfan, she was neurologically stable and remains on a regimen of ivermectin therapy 4 times per year.
Both reports describe patients from the pediatric population who initially presented with symptoms of meningitis and were unsuccessfully treated with amoxicillin. Therefore, in patients with refractory symptoms in which meningitis has been ruled out, MRI of the cervical spine with Gd should be obtained to rule out an infectious lesion. Infection must remain on the list of differential diagnoses for patients with a circumscribed enhancing spinal lesion and fever, and we recommend that these patients undergo immediate biopsy and attempted lesional resection to obtain a diagnosis and initiate appropriate treatment. If the lesion resides in the cervical epidural space without vertebral body invasion, this can be completed through a traditional posterior cervical laminectomy approach at the appropriate levels. If there is concern that an intradural component is present, the dura should be opened and explored. In this case there was a strong suspicion that the lesion was intradural, given no evidence of the capsule epidurally on initial inspection and exploration. When no lesion was found extradurally, release of CSF from the intrathecal space allowed decompression of the thecal sac and improved visualization in the lateral epidural space. This was a unique case, in that the patient also had a severe Chiari malformation, and the decision was made to open the dura for a Chiari decompression in conjunction with resection of the lesion. Thus, when the lesion was not initially visualized in the epidural space, the dural opening was extended inferiorly from the point of tonsillar decompression. If there had been no intention to open the dura to perform a Chiari decompression, more bone could have been removed laterally, allowing for further visualization of the lateral epidural space and potential visualization of the lesion. If we encounter this situation in the future in a patient without a concurrent Chiari malformation or other pathology necessitating a dural opening, we would avoid opening the dura to limit CSF exposure to the infection.
Once a diagnosis is made, and if a parasite is found and identified, targeted antiparasitic therapy should be initiated immediately. Corticosteroids should be administered postoperatively to reduce the negative effects of inflammatory products released from the cyst capsule. When possible, efforts should be made to keep the lesion capsule intact to limit the spread of inflammatory material. 8, 13, 14 Our case demonstrates the importance of strict adherence to the postoperative antiparasitic therapy. Antiparasitic therapy with doxycycline alone in our patient was insufficient to treat and control the infection. The addition of ivermectin has adequately controlled the infection in the first patient identified with cervical onchocercosis, and thus far our patient has remained asymptomatic since initiating ivermectin therapy.
Given the common geographic setting of both reports, there may be an epidemiological association between the transmission of this parasite and the southwestern US. More case reports will be needed to define a true epidemiological risk. Due to a lack of standardized treatment regimens for cervical O. lupi infections, long-term clinical and radiological follow-up will be needed to monitor for continued progress and disease resolution in these patients.
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